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TECHNICAL NOTES
Vascular stenting was first described by Dotter in
1969,1 5 years after he invented the technique of per-
cutaneous transluminal angioplasty (PTA). Vascular
stenting was originally designed to improve the results
of PTA, and it seemed to be an effective method of
permanently propping open a vessel, as well as a
promising adjunct to improve the usefulness of angio-
plasty. This technique has been designed for use in
arteries; experience with stents in the venous system is
more limited. Although numerous benefits have been
proposed for the use of arterial stenting, now some of
them are well demonstrated for venous stenting. It
was shown that implantation produces an additional
increase in minimal luminal cross-sectional area and
obstruction diameter. Other advantages include
reduction in elastic recoil, decreased spasm, and
decreased thrombosis. The technique must be accu-
rately performed to adequately deliver the stent, and it
must be securely embedded in the vessel wall at the
site of the lesion to ensure a stable position. Variations
in the diameter of the vessel may subsequently lead to
poor wall contact and possible stent migration.
We report the cases of two patients with stent
migration: one in the right ventricle and the other in
the left pulmonary artery. In both cases, we per-
formed successful endovascular retrieval of these two
stents via two approaches: jugular and femoral. In
one of these patients, a minor operative procedure
was necessary for final extraction of the stent from
the right common iliac vein.
CASE REPORTS
Case 1. A 33-year-old white woman was referred to
our hospital for removal of a venous stent originally placed
in the left common iliac vein (LCIV) that migrated to the
right cavities of the heart. Her pertinent medical history
started soon after her second pregnancy, when she com-
plained of vulvar varicosities. Angiography and duplex
scanning were performed at rest and stress positions, and a
May-Thurner syndrome was highly suspected. A stent was
placed in the LCIV after dilation (10 · 80 mm Wallstent;
Schneider, Zurich, Switzerland), but soon it migrated to
the right ventricle, as demonstrated on chest radiography.
When the patient presented to the emergency depart-
ment, she was asymptomatic. In view of the risks of cardiac
perforation, sepsis, and thromboembolism, she was trans-
ferred to the angiography suite to attempt endovascular
extraction of the stent. The procedure was performed with
systemic anticoagulation provided by 5000 IU of heparin.
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Via a jugular approach, we were able to catheterize the stent
with a stiff hydrophilic guide wire (Terumo, Terumo Corp.,
Tokyo, Japan), which enabled us to mobilize the stent to a
more suitable position for catheterization from the femoral
side. A 5F Cobra catheter was advanced from the right
femoral approach over another hydrophilic guide wire
(Terumo) into the embolized stent. The Terumo guide wire
was removed and replaced by a stiff guide wire (Amplatz;
Meditech, Boston Scientific, Watertown, Mass.), which was
placed distally in the pulmonary artery branches. This
allowed us to manipulate the prosthesis with the rigid seg-
ment of the Amplatz guide wire. The stent was dislodged,
and a 12-mm angioplasty balloon was advanced over the
guide wire and into the embolized stent. The balloon was
inflated to engage the stent, carefully retracted into the
right atrium, and then advanced into the inferior vena cava.
The assembly balloon-stent stopped while it was being
pulled into the right common iliac vein. Attempts to pull
the balloon-stent assembly into a vein of a more appropri-
ate size were futile. Moreover, we believed it was impossible
to dilate a self-expanding stent to wedge it and avoid anoth-
er proximal dislodgment. For this reason and to prevent any
other complication of the venous stent, which is prone to
thrombosis and neointimal hyperplasia, a minor operative
procedure was undertaken, and the stent was removed
through a right lower quadrant incision. The patient’s
recovery was good and uneventful. 
Postoperative duplex scanning demonstrated patent
veins at the suprainguinal and infrainguinal levels.
Transesophageal echography identified moderate regurgi-
tation of the tricuspid valve, and no pericardial effusion
was seen. The patient was maintained on oral anticoagu-
lants for 3 months to prevent thrombotic complications. A
2-year follow-up was satisfying: some residual varicosities
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Fig. 1. Retrieval of a migrated stent from the pulmonary artery. A 29-year-old woman receiv-
ing chronic hemodialysis had a lateralized superior vena caval syndrome with a diminished out-
put of the arteriovenous fistula. A, Preangioplasty fistulography showed a complete obstruc-
tion of the left brachiocephalic vein, with marked development of collateral vessels distal to the
arteriovenous fistula in the left arm. B, Postangioplasty venography showed a 10 · 50-mm
Wallstent embedded in the venous trunk that has just been dilated with an 8-mm angioplasty
balloon and a completely patent brachiocephalic vein with decreasing collateral vessels. C, At
5 days later, obstructive symptoms recurred. Opacification of the fistula showed a reocclusion
of the brachiocephalic vein with migration of the stent into the pulmonary artery. D, A 12-mm
angioplasty balloon was advanced over the guide wire placed so as to extend beyond the two
edges of the stent. The balloon then was inflated at a submaximal pressure to avoid endothe-
lial injury but to adhere to the endoprosthesis to pull it back. E, The endoprosthesis has been
extracted percutaneously by a “lasso” through a 10F sheath introduced in the femoral vein.
were noted on physical examination, but the patient had
no complaints of any related symptom. Venous duplex
scanning was performed every 6 months and showed a
completely patent venous system without any detectable
sign of May-Thurner syndrome.
Case 2. The patient was a 29-year-old woman with
lupus nephropathy who had been receiving hemodialysis
for 1 year. She has been dialyzed through an arteriovenous
fistula made in the left elbow between the brachial artery
and basilic vein. She presented as a result of unilateral
swelling of the neck, face, and arm to the left, with
headache and diminished arteriovenous fistula output,
suggesting a left brachiocephalic vein obstruction. The
diagnosis was confirmed by venography, which demon-
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strated an occlusion of the left brachiocephalic vein with
marked development of collateral vessels distal to the arte-
riovenous fistula in the left arm (Fig. 1A). The decision
was made to treat the occlusion percutaneously. The
occluded trunk was recanalyzed with a hydrophilic guide
wire. After dilation with a 10-mm balloon, a stent of 10
mm in diameter and 50 mm long (Wallstent) was placed
in the predilated segment; postangioplasty venography
showed a widely patent brachiocephalic vein with an invo-
lution of the collateral vessels (Fig. 1B). 
Five days later, obstructive symptoms recurred.
Opacification of the fistula showed a reocclusion of the bra-
chiocephalic vein with migration of the stent into the left
pulmonary artery (Fig. 1C). Although the stent could be
well tolerated in a normal pulmonary artery, a careful deci-
sion was made to undertake percutaneous retrieval to avoid
hemolysis and thromboembolic or septic complications.
From a right femoral approach, a guide wire was selective-
ly advanced through a 10F sheath into the left pulmonary
artery, and a 12-mm angioplasty balloon was advanced
over the guide wire into the embolized stent so as to
extend beyond the two edges of the stent. The balloon
then was inflated at submaximal pressure to avoid endothe-
lial injury but sufficient to adhere to the endoprothesis and
pull it back (Fig. 1D). The balloon catheter was carefully
retracted into the inferior vena cava. A “lasso” was intro-
duced from the same femoral approach and advanced into
the inferior vena cava to encircle the balloon-mounted
stent. We were able to tighten the snare around the stent
while simultaneously deflating the balloon; this allowed us
to exert radial compression and retract the Wallstent. The
balloon-stent assembly then was percutaneously removed
through a 10F vascular sheath introduced into the femoral
vein with no need for operative exposure (Fig. 1E).
Another 12 · 40 mm Wallstent device was deployed at the
same venous occlusion site. Initial relief of the superior
vena cava syndrome occurred, but 6 months later, there
was recurrent obstruction, and we had to operate on the
arteriovenous fistula to reduce the high flow and decrease
the venous hypertension in the left arm.
DISCUSSION
The iliac compression syndrome was first
described in 1965 by Cockett and Thomas2; they
outlined the pelvic venous anatomic and pathologic
characteristics of the syndrome, which consisted of
chronic compression of the left common iliac vein
against the pelvic brim by the overlying right com-
mon iliac artery.
Recently, percutaneous angioplasty with intralu-
minal stent deployment was reported by many
authors as a simple method of treatment for this syn-
drome with complete relief of symptoms. This rapid-
ly expanding use of endovascular devices has neces-
sitated new techniques to remove misplaced or
migrated devices.
The true incidence of dislodgment of foreign bod-
ies is believed to be much higher than the number of
cases reported in the literature. The nature of intravas-
cular foreign bodies and the tools available to retrieve
them have changed substantially in the past decade.
The foreign body could be a catheter fragment, dis-
lodged coil, vena caval filter, steel guide wire, needle
fragment, bullet, or fragments of internal pacemakers.
In almost every case of foreign body, however,
embolization is of iatrogenic origin, and intravenous
catheters used for central venous access account for
the majority of intravascular foreign bodies.3
Intravascular stents can migrate into cardiac cav-
ities or pulmonary artery when they are deployed in
the venous side. This problem may result from poor
wall contact and subsequent proximal dislodgment
of the endoprosthesis. Selection of the correct stent
size is a major determinant of the procedure success.
The diameter of the stent must be greater than that
of the designed vein to prevent stent migration and
compensate for neointimal growth. In our practice,
when we deploy a prosthesis in the arterial tree, the
proper stent diameter must be 1 to 2 mm larger than
the angiographically measured diameter of an adja-
cent proximal or contralateral artery. This oversizing
must be majorated twice for veins, for which respi-
ratory movements induce a great variability in the
diameter. Oversizing must be used for the Palmaz
stent, but it is less crucial because overdilation is pos-
sible within certain limits. The stent length must be
adapted to the length of the stenosis to cover the
entire lesion. If necessary, two or more stents are
placed in tandem; the cephalic stent must be placed
first, followed by the caudal one. It also is important
to place the stent across the center of the lesion to
prevent milking of the stent by the stenosis and sub-
sequent retraction and migration of the prosthesis.4
Predilation of the pathologic vascular segment
before deployment of the self-expanding stent was
incriminated by some authors as promoting stent
migration, particularly when the target vessel seems
to be wide open. We believe that the radial force of
most available self-expanding stents is adequate to
propel out a nondilated vein; further dilation may be
considered to obtain optimal results.
Stents that embolize in the venous circulation
can stop at different levels according to the point of
entry and the size of the stent. The most common
location lies between the superior inflow area of the
right atrium and the inferior atrial or ventricular
wall. The next most common location is the pul-
monary arterial system.3 When catheter fragments
migrate from the legs, however, they lodge prefer-
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entially in the right side of the heart and inferior
vena cava. In rare cases, they lodge in the superior
vena cava and hepatic veins.5
Many authors described a high rate of serious
complications due to the presence of intravascular
foreign bodies. Fisher and Ferreyro6 reported a 71%
incidence rate of significant complication or death
directly attributable to the retained foreign body.
They found that 29% of patients in whom the foreign
body was not removed survived without serious
complications, 33% had significant but nonfatal com-
plications, and 38% died of causes directly related to
the presence of the foreign body. Intravascular for-
eign bodies should be removed as soon as possible to
prevent such serious complications as thrombus for-
mation with a high risk of distal embolization, pul-
monary embolism,7-9 sepsis, and endocarditis10 and
to prevent myocardial damage leading to severe
arrhythmias with cardiac arrest and myocardial perfo-
ration with hemopericardium and cardiac tampon-
ade.11,12 All these complications can arise immedi-
ately after the initial missed maneuver, as well as after
an interval of months to years. For medicolegal rea-
sons and because the appearance of late fatal compli-
cations cannot be predicted, prompt removal of the
embolized fragment should be ensured immediately
after the accident of dislodgment.
Conventional methods of removing foreign bod-
ies from the cardiac cavities or pulmonary arterial
tree necessitate major operations with cardiopul-
monary bypass assistance. There is evidence that the
morbidity and mortality rates are more pronounced
in this situation, and these procedures must be
avoided whenever it is possible. The methods used
and those under development are geared toward
replacing the complicated open procedures of the
past with simpler, quicker, minimally invasive proce-
dures. Medically, these procedures decrease the risk
to the patient and allow a quicker return to normal
daily functions. Endovascular retrieval procedures
can decrease operating room time, hospitalization
time, and overall time for recovery. 
In 1964, Thomas et al.13 were the first to perform
nonoperative removal of a guide wire fragment from
the inferior vena cava with a bronchoscope rigid for-
ceps through a saphenous cutdown. Five years later,
Henely6 performed the first percutaneous catheter
removal with a snare loop. Currently, numerous
methods for the percutaneous removal of intravascu-
lar foreign bodies are available: loop snares, pigtails,
forceps, baskets, balloon catheters, and even magnets.
We usually use more than one technique for success-
ful removal. The overall success rate is known to be
very high. In their series of 20 cases of intravascular
foreign bodies, Uflaker et al.5 were able to percuta-
neously remove the foreign bodies in 95% of patients.
Failure of removal may result from the absence of a
free end available for snaring, the firm adherence of
the fragment to the vascular wall, lack of opacity of
the catheter, further fragmentation of the foreign
body, distal migration into a pulmonary artery
branch, or very curved and tortuous vessels.
Loop snares are the most widely used retrieval
devices; they are atraumatic, available in multiple
sizes, and relatively easy to manipulate. The snare
has been used in a wide variety of difficult anatom-
ic structures with a 100% success rate and therefore
recommended as the first choice for all foreign body
retrieval procedures.14,15 Hooked catheters and
guide wires are used particularly when both distal
ends of the lost fragment are strongly embedded in
the vessel or cardiac wall. These devices allow one
end of the fragment to be set free so the hooked
foreign body can be pulled to a more peripheral ves-
sel for snaring or pulled completely out of the
patient.
The forceps technique usually requires venous
cutdown and is potentially traumatic because it is
prone to cause vascular lacerations or perforations.
Baskets can be effective only when one end of the
foreign body is free in the lumen of the vessel, and
manipulation of the basket and entrapment of the
foreign body become more difficult in curved and
tortuous vessels. 
Balloon catheters have also been used for
retrieval of catheter fragments from peripheral ves-
sels or as an adjunct to mobilize the fragment into
a better location for snaring.16,17 It was shown that
Fogarty catheters are effective in the removal of
fragments from small-caliber vessels by conveying
them into a larger vessel where another technique
can be used or by totally removing the foreign
body from the vascular system. Angioplasty cath-
eters and occlusion balloons can be used in partic-
ular for the removal of vascular sheaths and
stents.18 The balloon catheter must be advanced
through the stent over the guide wire. After infla-
tion of the balloon, the catheter must be pulled
back proximally, and the stent then is grasped with
a suitable device to be retracted out of the body.
The balloon must be slightly longer and have a
proper diameter of 1 to 2 mm larger than the stent
to be well engaged. The balloon must be underin-
flated to avoid further dilation of the stent.
Extrusion of extremities of the balloon from both
sides of the stent, along with the longitudinal ori-
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entation of the stent parallel to its long axis, avoids
injury to the cardiac structures and vessel wall by
any of its free edges. A few cases of stent retrieval
from the vascular system with a balloon catheter
were reported in the literature19-22; it was shown to
be safe and efficient. Secondary injury to the tri-
cuspid valve leading to a variable degree of regur-
gitation was described, but no other serious com-
plications have been reported.
CONCLUSIONS
Operative removal of intravascular migrating
stents is a major procedure with relatively high mor-
bidity rates, especially in patients who are seriously
ill.23 Percutaneous transluminal retrieval must be
considered the method of choice for the removal of
intravascular migrating stents and should be
attempted before an operative approach. The choice
of the appropriate technique and adequate approach
depends on the individual characteristics of the
stent, its length and diameter, site of embolization,
available retrieval devices, operator experience, and
anatomy of the vascular tree involved. 
In many cases, more than one technique must be
used to provide better results with fewer complica-
tions. According to our experience, the use of bal-
loon catheters for the removal of intravascular
migrated stents is a safe and rapid method and may
be attempted in percutaneous intravascular proce-
dures whenever applicable.
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